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Abstract
Since the first observation of soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae), in North
America in 2000, it has become the most economically damaging insect of soybean in the Upper Midwest of
the United States. For the last 17 yr, soybean aphid management has relied almost entirely on the use of foliar-
applied broad-spectrum insecticides. However, in 2015 in Minnesota, failures of foliar-applied pyrethroid
insecticides were reported and pyrethroid resistance was confirmed with laboratory bioassays using lambda-
cyhalothrin and bifenthrin. In 2016 and 2017, further reports of failures of pyrethroid insecticides and/or
laboratory confirmation of resistance occurred in Iowa, North Dakota, South Dakota, and Manitoba. In
response to the challenge posed by insecticide-resistant soybean aphids, we recommend several management
strategies for minimizing further development of resistance and subsequent pest-induced crop losses: 1) scout
and use the economic threshold to determine when to apply insecticides, 2) apply the insecticides properly, 3)
assess efficacy 3–5 d after application, and 4) alternate to a different insecticide group if another application is
required. In the long term, soybean aphid management must move beyond insecticide-based management to
true integrated pest management by incorporating multiple tactics.
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Abstract
Since the first observation of soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae), in North America in 
2000, it has become the most economically damaging insect of soybean in the Upper Midwest of the United States. 
For the last 17 yr, soybean aphid management has relied almost entirely on the use of foliar-applied broad-spectrum 
insecticides. However, in 2015 in Minnesota, failures of foliar-applied pyrethroid insecticides were reported and 
pyrethroid resistance was confirmed with laboratory bioassays using lambda-cyhalothrin and bifenthrin. In 2016 
and 2017, further reports of failures of pyrethroid insecticides and/or laboratory confirmation of resistance occurred 
in Iowa, North Dakota, South Dakota, and Manitoba. In response to the challenge posed by insecticide-resistant 
soybean aphids, we recommend several management strategies for minimizing further development of resistance 
and subsequent pest-induced crop losses: 1) scout and use the economic threshold to determine when to apply 
insecticides, 2) apply the insecticides properly, 3) assess efficacy 3–5 d after application, and 4) alternate to a different 
insecticide group if another application is required. In the long term, soybean aphid management must move 
beyond insecticide-based management to true integrated pest management by incorporating multiple tactics.
Key words:  insecticide, integrated pest management, resistance management, soybean, Aphis glycines
Soybean aphid, Aphis glycines Matsumura (Hemiptera: Aphididae), 
continues to be the most significant insect pest of soybean, Glycine 
max (L.) Merr., in the Upper Midwest of the United States (Hurley 
and Mitchell 2017). The biology, impacts, and management of soy-
bean aphid have been well reviewed (Ragsdale et al. 2004, Wu et al. 
2004, Ragsdale et al. 2011, Tilmon et al. 2011, Hodgson et al. 2012). 
Economically significant infestation of soybean by this phloem-feed-
ing insect can reduce soybean yield by up to 40% (Ragsdale et al. 
2007) through decreased number of pods and seeds, and smaller 
seed size (Beckendorf et  al. 2008). Soybean aphid also can affect 
soybean through transmission of viruses (e.g., Soybean mosaic virus 
and Alfalfa mosaic virus) (Hill et al. 2001) and potential facilitation 
of soybean cyst nematode, Heterodera glycines Ichinohe, infestations 
(McCarville et al. 2012b, Clifton et al. 2017).
Soybean aphid has been actively managed since 2000, because 
of the potential for severe economic impact. Although multiple pest 
management tactics are available, such as host-plant resistance and 
biological control, current management continues to rely almost 
exclusively on foliar insecticides (Hodgson et al. 2012). Insecticide 
use on soybean in North America has increased dramatically in 
response to this pest (Ragsdale et al. 2011, Coupe and Capel 2016). 
Sampling recommendations were developed and validated to esti-
mate soybean aphid abundance (Hodgson et  al. 2004). In add-
ition, an economic threshold of 250 aphids per plant with more 
than 80% of plants infested and aphid populations increasing was 
developed to optimize use of foliar insecticides for soybean aphid 
management (Ragsdale et al. 2007, Koch et al. 2016). Insecticides 
from three insecticide groups are available in foliar formulations 
for soybean aphid management (IRAC 2018, Knodel et al. 2018, 
Varenhorst and Wagner 2018) (Table 1). However, soybean aphid 
management has relied primarily on organophosphates (Group 1B) 
and pyrethroids (Group  3A) (Hodgson et  al. 2012). Seed treat-
ments containing neonicotinoids (Group 4A) are also commonly 
used in soybean (Hodgson et al. 2012, Douglas and Tooker 2015, 
Hurley and Mitchell 2017). However, scouting and threshold-based 
application of foliar insecticides provides a greater likelihood and 
magnitude of positive net return than seed-applied insecticides for 
management of soybean aphid (Krupke et al. 2017).
Journal of Integrated Pest Management, (2018) 9(1): 23; 1–7
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Reliance on insecticide-based management of insect pests often 
results in development of insecticide resistance (Pedigo and Rice 2009). 
Resistance can be defined as a ‘genetically based decrease in suscep-
tibility to a pesticide’ and more than 500 species of arthropods have 
developed resistance to insecticides (Tabashnik et al. 2014). Numerous 
aphid species, including those in the genus Aphis, have developed 
resistance to several groups of insecticides (Foster et al. 2007).
Literature from Asia indicates ‘light’ levels of field-evolved resist-
ance of soybean aphid to organophosphates (Wang et  al. 2011, 
2012). In the United States, Chandrasena et  al. (2011) found no 
resistance to organophosphates, pyrethroids, or neonicotinoids in 
field-collected soybean aphid populations from Michigan in 2007 
and 2008. However, in an assessment of the susceptibility of soybean 
aphid populations from the North Central Region to the neonico-
tinoid, thiamethoxam, Ribeiro et al. (2018) documented resistance 
ratios greater than 20-fold, which could be considered moderate 
resistance. We are unaware of reports of neonicotinoids failing to 
control soybean aphid in the field.
Hanson et  al. (2017) provided the first evidence for soybean 
aphid resistance to insecticides coupled with reports of these insec-
ticides failing to control the pest in North America. From 2015 
to 2016, soybean aphid populations from Minnesota and Iowa 
exhibited resistance ratios up to 40-fold for pyrethroids (i.e., bifen-
thrin and lambda-cyhalothrin) (Hanson et al. 2017). Furthermore, 
reports of pyrethroids failing to control soybean aphid in the field 
were noted  from Minnesota and Iowa (Hanson et  al. 2017). The 
geographic scope of field failures of pyrethroids for soybean aphid 
expanded in 2017, including Minnesota, North Dakota, and South 
Dakota (Fig. 1) (Koch et al. 2018). In fields where pyrethroids failed 
to control soybean aphid, surviving (i.e., suspected resistant) aphids 
have sometimes been observed in patches within the field, which may 
be due to a mixture of aphid genotypes (e.g., Orantes et al. 2012) 
with varying levels of insecticide susceptibility colonizing the fields. 
Laboratory bioassays performed in 2017 confirmed resistance to 
pyrethroids in soybean aphid from the aforementioned states and 
Manitoba, Canada (R.L.K., unpublished data).
In China, laboratory experiments exposing soybean aphid to 
lambda-cyhalothrin for 40 generations resulted in the develop-
ment of 76-fold resistance to that insecticide and cross resistance 
to other pyrethroids (i.e., cypermethrin, esfenvalerate, cyfluthrin, 
and bifenthrin), organophosphates (i.e., chlorpyrifos and acephate), 
and a carbamate (i.e., carbofuran) (Xi et  al. 2015). Aphids, like 
other insects, employ several different mechanisms (i.e., metabolic 
resistance mediated by monooxygenases, esterases, and glutathione 
S-transferases; target site insensitivity such as knock down resistance 
(kdr) and super-kdr; and reduced cuticular penetration) to overcome 
pyrethroid insecticides (Liu 2012). Additional research in China 
has shown that soybean aphid can overcome insecticides through 
increased esterase and cytochrome P450 expression, which may 
explain the cross resistance observed by Xi et al. (2015).
Increasingly, widespread detections of pyrethroid resistance in 
soybean aphid populations in the Upper Midwest of the United 
States (Hanson et al. 2017, Koch et al. 2018) have created an imme-
diate challenge for effective soybean pest management and profitable 
soybean production. Due to the mobility of winged soybean aphids 
(Schmidt et al. 2012), the risk of insecticide-resistant populations of 
soybean aphid spreading to soybean fields in other soybean produc-
ing regions is high. In response to the challenges that insecticide-re-
sistant soybean aphids pose, growers, consultants and applicators 
are encouraged to evaluate and select their soybean aphid manage-
ment practices carefully. We provide an overview of factors that may 
have contributed to development of insecticide resistance in soybean 
aphid and recommendations for management of potentially resistant 
soybean aphid populations.
Risk Factors for Resistance Development in 
Soybean Aphid
Several factors related to soybean aphid infestations and manage-
ment likely contributed to the development of pyrethroid resistance 
in this pest in the Upper Midwest of the United States. First, econom-
ically threatening infestations of soybean aphid continue to occur in 
Table 1. Examples of foliar insecticides labeled for soybean aphid management1
Group: Site of action2 Subgroup2 Active ingredient3
1. Acetylcholinesterase inhibitors 1A. Carbamates Methomyl
1B. Organophosphates Acephate
Chlorpyrifos
Dimethoate
3. Sodium channel modulators 3A. Pyrethroids and Pyrethrins Alpha-cypermethrin
Beta-cyfluthrin
Bifenthrin
Cyfluthrin
Deltamethrin
Esfenvalerate
Gamma-cyhalothrin
Lambda-cyhalothrin
Permethrin
Zeta-cypermethrin
4. Nicotinic acetylcholine receptor agonists 4A. Neonicotinoids Acetamiprid
Clothianidin
Imidacloprid
Thiamethoxam
4D. Butenolides Flupyradifurone
1Based on review of soybean production guides from the Upper Midwest (Knodel et al. 2018, Varenhorst and Wagner 2018).
2According to Insecticide Resistance Action Committtee (IRAC 2018).
3Insecticides are given as examples only and do not imply endorsement of one insecticide versus another nor discrimination against any insecticide not men-
tioned by the authors or the universities.
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Minnesota and portions of Iowa, North Dakota, and South Dakota 
(R.L.K., B.D.P., E.W.H., J.J.K., and A.J.V., personal observations), 
while such infestations have diminished in other parts of the United 
States (Bahlai et al. 2015). This pattern of greater pest pressure in 
Minnesota and neighboring states is further evidenced by data from 
NASS (2018). Over recent years, the percentage of soybean acres 
that have been treated with insecticides, not including seed treat-
ments, has been highest in Minnesota, followed by Iowa and North 
Dakota compared to other states in the Midwest Region (Fig.  2). 
Similarily, a higher percentage of soybean acres has been scouted 
for arthropod pests in Minnesota, Iowa, and North Dakota than 
in other states in the region (Fig.  2). These continued infestations 
by soybean aphid in parts of the Upper Midwest have resulted in 
a long history (i.e., about 17 yr) of selection pressure for develop-
ment of insecticide resistance. In particular, the area of southwest 
Minnesota (i.e., Blue Earth, Brown, Cottonwood, Faribault, Martin, 
Redwood, Renville, and Watonwan counties) from which pyrethroid 
performance issues were first reported (Hanson et al. 2017) has had 
chronically high soybean aphid populations (i.e., exceeding the eco-
nomic threshold) every year, except 2003. This area of Minnesota 
also receives significant numbers of pyrethroid insecticide applica-
tions to canning crops, which are often adjacent to soybean.
Second, as indicated earlier, there are a limited number of insec-
ticide groups available for soybean aphid management (Table  1). 
Among these, management has relied primarily on foliar applications 
of pyrethroids (Group 3A) and organophosphates (Group 1B) since 
detection of this pest (Hodgson et  al. 2012), which has increased 
selection pressure for these particular groups.
Third, failure to use proper scouting methods and established 
thresholds for the determination of when to apply insecticides can 
result in aphids being exposed to insecticides more frequently than 
necessary. Use of reduced rates of insecticide or improper use resulting 
Fig. 1. Counties with reports of pyrethroids failing to control soybean aphid 
in the field in 2017. Red-shaded counties indicate those from which reports of 
pyrethroid failures were received. Image from Koch et al. (2018).
Fig. 2. Insecticide use (i.e., percent of planted acres treated with insecticide) (top figure) and crop scouting for insects and mites (i.e., percent of planted acres 
scouted) (bottom figure) in soybean in the Midwestern Region of the United States. Data from NASS (2018); data do not include seed-applied insecticides 
(Douglas and Tooker 2015). States included had data available for the three survey years.
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in drift can result in aphids being exposed to low doses of insecticide, 
which can further increase selection pressure. Unnecessary expos-
ure of soybean aphid to insecticides can result from tank mixing 
insecticide with other pesticide applications regardless of soybean 
aphid populations. The continued validity of the 250-aphid-per-
plant threshold is explained by Koch et al. (2016).
Strategies for Management of Insecticide-
Resistant Soybean Aphid
In response to the challenge posed by insecticide-resistant soybean 
aphid, we recommend several management strategies for minimizing 
further development of resistance and subsequent pest-induced crop 
losses. To reduce the selection pressure for development of resist-
ance to insecticides, treat fields only when necessary (Fig. 3). From 
vegetative growth through the R5 soybean growth stage, soybean 
fields should be scouted for soybean aphids on a regular schedule 
(every 7–10 d) (Hodgson et al. 2004, Hodgson et al. 2007). Use the 
economic threshold (i.e., 250 aphids per plant with more than 80% 
of plants infested and aphid populations increasing)  to determine 
if insecticides should be applied (Ragsdale et al. 2007, Koch et al. 
2016). Application of insecticides for soybean aphid below the eco-
nomic threshold is unlikely to provide economic benefit and will sub-
ject the pest to unnecessary insecticide exposure and allow further 
selection pressure for resistance (Koch et al. 2016). Upon reaching 
threshold, treat the field within 5–7 d to protect yield (Ragsdale et al. 
2007). Alternatively, ‘Speed Scouting’ can be used as a more efficient 
approach to scouting and making treatment decisions (Hodgson 
et al. 2007).
If a soybean field exceeds the economic threshold, use an effect-
ive insecticide at a labeled rate (IRAC 2009) (Fig. 3). If insecticide 
resistance is not suspected in the aphid population, then the choice 
of insecticide could include the various labeled products (Table 1, 
Fig. 3). If pyrethroid-resistance is suspected in an aphid population, 
products containing insecticides other than pyrethroids should be 
considered. Pyrethroid-containing mixtures may provide adequate 
control of some pyrethroid-resistant populations of soybean aphid 
(IRAC 2012, R.L.K. and B.D.P., unpublished data). However, pyre-
throid-containing mixtures should generally be avoided for use 
against pyrethroid-resistant populations (IRAC 2012) (Fig.  3). In 
such situations, the pyrethroid component of such products may 
be compromised by the resistance. In addition, the amount of each 
active ingredient in some mixtures is less than that of products with 
single active ingredients. Furthermore, depending on factors such 
as relative efficacy, durations of residual activity, and levels of cross 
resistance, use of some mixtures could provide additional selection 
pressure for further development of insecticide resistance (IRAC 
2012). When selecting insecticides, keep in mind that the ‘the pri-
mary intention for the use of an insecticide mixture (tank-mix or 
pre-formulated mixture) is, in most cases, not resistance manage-
ment but pest management’ (IRAC 2012). It should also be noted 
that soybean fields planted with neonicotinoid-treated seeds have 
already received an application of a Group 4 insecticide (i.e., neon-
icotinoids). Populations of clonally reproducing aphids in such fields 
may have already been exposed to this systemic, seed-applied insec-
ticide. Therefore, we caution against the use of neonicotinoid-con-
taining insecticides for a first foliar application to such fields (Fig. 3). 
Finally, if soybean is in bloom, consider insecticide options with 
reduced risk to pollinators (Zhu et al. 2015).
When making insecticide applications, use appropriate nozzles, 
water volumes, and pressures to ensure thorough spray coverage 
deep into the soybean canopy (IRAC 2009, Hodgson et al. 2012). 
To minimize drift, which could result in an effectively reduced rate 
of insecticide in the field, only spray under favorable environmental 
Fig. 3. Decision aide for management of soybean aphid with or without insecticide resistance. If pyrethroid resistance is suspected in the aphid population, 
application of pyrethroid-containing mixtures (e.g., options C and D) may provide pest control, but the pyrethroid component of the product is compromised 
by resistance and use may provide additional selection pressure for further development of insecticide resistance. If more than one treatment is needed 
in the same growing season, alternate to a different insecticide group number. If fields were planted with neonicotinoid-treated seed, avoid application of 
neonicotinoid-containing products (e.g., options D and E) for the first foliar application to the field. Insecticide options are given as examples only and do not 
imply endorsement of one insecticide versus another nor discrimination against any insecticide not mentioned by the authors or the universities. This graphic 
was modified from Hodgson and Koch (2018).
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conditions (e.g., wind speeds less than 10 miles per hour, no air 
temperature inversions). After soybean aphid populations reach the 
economic threshold, a single application of a foliar insecticide is usu-
ally sufficient for soybean aphid management (Hodgson et al. 2012, 
Krupke et  al. 2017). However, the emergence of insecticide-resist-
ant soybean aphids means the scouting of soybean fields 3–5 d after 
application has now become even more important to determine if the 
insecticide has provided the expected level of pest control (Fig. 3).
Not all failures of insecticides are due to insecticide resistance. 
If the insecticide application fails to control the pest population, try 
to rule out other potential causes for an insecticide failure, such as 
incorrect insecticide rate or application method, unfavorable envir-
onmental conditions, or recolonization of a treated field by winged 
soybean aphids. If a field needs to be retreated, alternate to a dif-
ferent insecticide group for the follow-up application (NRC 1986, 
IRAC 2009) (Fig.  3). Alternation of individual insecticide groups 
is generally preferred for insecticide resistance management (IRM) 
(IRAC 2012). In contrast, recommendations for the use of mixtures 
are prominent in programs for herbicide resistance management 
(NRC 2012). Table 1 lists insecticide groups and active ingredients 
available for soybean aphid management. For example, if a field was 
treated with a pyrethroid (Group 3A) and a follow-up insecticide 
application is needed, then an insecticide from different insecticide 
group, such as an organophosphate (Group 1B), should be selected. 
Report suspected cases of insecticide-resistant soybean aphids to a 
local/regional extension educator or extension entomologist.
Conclusions
Insecticide resistance in soybean aphid has emerged as a new chal-
lenge to soybean production. As more is learned about the genetics 
and mechanisms underlying soybean aphid resistance to insecticides, 
recommendations for resistance management are likely to change. 
In the short term, however, cost-effective management of soybean 
aphid will continue to rely on scouting and threshold-based insec-
ticide applications of the few labeled insecticide groups (Table  1, 
Fig. 3). Due to the paucity of insecticide groups available for soy-
bean aphid management, IRM will be essential in prolonging the 
effectiveness of these chemical tools. Improvements in the efficiency 
of soybean aphid scouting, such as the potential for remote sensing 
(Alves et al. 2015), could further increase the use of scouting-based 
decision making for soybean aphid management. Implementation 
of user-friendly scouting tools and other management tactics may 
decrease unnecessary exposure of the pest to insecticides and, in 
turn, reduce further development of insecticide resistance.
In the long term, soybean aphid management must move beyond 
insecticide-based management toward true integrated pest man-
agement incorporating multiple, proactive tactics. For example, 
host-plant resistance is the cornerstone for many pest management 
programs (Smith 2005), but is largely lacking in soybean aphid man-
agement. Aphid-resistant soybean varieties have proven effective for 
soybean aphid management, particularly when multiple resistance 
(Rag) genes are pyramided in individual lines (Hesler et  al. 2013, 
McCarville et  al. 2014). However, availability of well-adapted, 
aphid-resistant soybean varieties remains low (McCarville et  al. 
2012a, Hanson et al. 2016) and biotypes of soybean aphid able to 
survive on some aphid-resistant soybean have been identified (Hesler 
et al. 2013).
Furthermore, research has shown that natural enemies (i.e., 
predators, parasitic wasps, and entomopathogenic fungi) can 
play an important role in prevention and suppression of soybean 
aphid outbreaks (Koch et al. 2010, Ragsdale et al. 2011, Koch and 
Costamagna 2017). However, many of these natural enemies are 
also adversely affected by broad-spectrum insecticides (e.g., organ-
ophosphates and pyrethroids) currently used to manage soybean 
aphid. Selective insecticides (i.e., toxic to pest, but less toxic to nat-
ural enemies), such as flonicamid (Group  29) (Bahlai et  al. 2010, 
Frewin et al. 2012, Pezzini and Koch 2015), pymetrozine (Group 9B) 
(Ohnesorg et al. 2009), spirotetramat (Group 23) (Bahlai et al. 2010, 
Frewin et al. 2012, Varenhorst and O’Neal 2012), and sulfoxaflor 
(Group  4C) (Tran et  al. 2016), have been evaluated for soybean 
aphid management, and could potentially provide for better integra-
tion of chemical and biological controls for this pest. Integration of 
multiple preventative and therapeutic tactics (Pedigo and Rice 2009) 
for soybean aphid management will increase the sustainability of 
soybean production in the Upper Midwest.
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